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PREFACE

The creation of the manual “Peripheral nervous system. Autonomic nervous system.
Sense organs” in English meets the requirement of modern Russian medicine and educa-
tion. Nowadays many English-speaking oversea students study in Medical Universities
of Russia. Besides, many Russian school leavers have a good command of the English
language so they will be able to use this manual taking into consideration the fact that
many Russian specialists in medicine work abroad after graduating from the universities
or take part in different international conferences and symposiums.

The English version of the manual is based on the Russian manual by professor
I. V. Gayvoronskiy “Normal Human Anatomy” which has been published in Russia
10 times and is approved by the Ministry of education of Russia.

This manual introduces the main principles of Russian Anatomy School such as:
detailed study of the general aspects and items of Anatomy including the development
of organs and anomalies of the development. If we compare theoretical approaches to
Anatomy in Russia and in other countries we"ll see that our approach is based on the
system descriptions of organs, i.e. we describe separately Skeletal system, Articulations,
Muscular system etc. Moreover, we use Latin terminology while describing the organs
and discuss clinicoanatomical and functional problems. As for the manuals in other
countries many of them describe Anatomical systems in accordance with the regional
and topographical principles.

The structure of our manual meets the requirements of modern standards of medical
education in Russia which in their turn correspond to the major European standards. Af-
ter each chapter we give test questions and clinicoanatomical problems. The English and
Latin terminology is given in accordance with International Anatomical Nomenclature.

The authors strongly believe that the manual will allow future doctors to form the
morphological foundation for the further study of theoretical and clinical disciplines.
We also hope that it will be of great help to Anatomy teachers.



INPEJUCJIOBHE

Cosnanue yue6HOro mocobus «Ilepudeprdeckas HepBHast crcTeMa. ABTOHOMHAs
HepBHas crcteMa. OpraHbl YyBCTB> Ha aHIJIHIICKOM SI3bIKe SIBJISIeTCs TpeOOBaHUEM CO-
BPeMeHHOI CHCTeMbI MeZIMITMHCKOTO 06pa3oBaHus B Poccuu. B HacTosiiee BpeMsi B Me-
AVLUHCKYX YHUBEPCUTETAX HAIIeH CTPaHbl 00Y4ar0TCS CTY/IeHThI U3 Pa3/INYHBIX PETHO-
HOB JlaJIbHET0 3apy0exbsi. Kpome TOro, MHOTHE BBITYCKHUKU POCCUICKUX LIKOJ XOPO-
110 BJIa/Iel0T aHIJIMICKUM A3BIKOM, II03TOMY OHHU TaKKe CMOTYT I10JIb30BaThCs IAHHBIM
nocobueM, MPUHMUMasi BO BHUMaHHUe, YTO 3a49aCTyI0 PYCCKHUe CIIelajuCThl B MeIULIHE
TI0CJ/Ie OKOHYAaHWs YHUBEPCUTETA ye3XKaroT paboTaTh 3a pyOex WM NPUHUMAIOT y4a-
CTHe B Pa3/INYHBIX MeX/yHAPOJHBIX KOHGepeHIUAX ¥ CUMIIO3UyMax.

AHrsuiickasi Bepcusi mocobusi 6asupyercsi Ha PycCKOM ydeOHuKe mpodeccopa
U. B. TaitBoponckoro «HopmasbHast aHATOMUs YeJIoBeKa», KOTOPBIil Obu1 u3zaH B Poc-
cuu 10 pa3 u onobpen MunucrepcTBoM obpazoBanusi Poccuiickoit @emeparui.

JlaHHOe Toco6ue MO3HAKOMUT YUTaTesIel ¢ INIaBHBIMU NIPUHIUNAMK Pycckoii aHa-
TOMHUYECKO#1 IIKOJIbI, KOTOPBIE 3aKJII0YAIOTCS B TIOAPOOHOM M3y4eHHH OOIIUX BOMPO-
COB, B TOM 4YHMCJIe Pa3BUTHS OPraHOB U aHOMajuii pa3sutus. B Poccuu npenosasanue
aHaTOMMU BeZleTcs ¢ PYHKLIMOHANBbHO-KIMHUYECKUX TTO3ULUI U OCHOBAHO Ha OIHCa-
HUM OPTaHOB II0 CUCTeMaM, T. . OT/IeJIbHO U3y4aeTcs ONOPHO-/IBUraTeIbHAsA CUCTEMa,
apTPOCUHJIECMOJIOTHS, MUOJIOTUSA U pyrue cucteMbl. Takyke TP ONUCaHUM CTPOEHHUS
OpTaHOB aKI[eHTUPYeTCs BHUMaHNe Ha JIATUHCKOI TepMUHOJIOTHANU. YTO KacaeTcs 3apy-
OeXXHBIX PYKOBOZICTB I10 aHATOMHH YeJIOBeKa, MHOTHEe U3 HUX OCHOBBIBAIOTCS HA PErro-
HaJIbHO-TOTOTrpagU4ecKoM NpuHIHIe 6e3 UCI0Ib30BaHNUS JTATUHCKOI TePMUHOJIOTHH.

CTpyKTypa JaHHOTO TOCOOUS COOTBETCTBYET COBPEMEHHBIM CTaHAAPTaM Me/IULI1H-
ckoro o6pa3oBaHusi B Poccuu, KOTOpBIe, B CBOKO OYepe/ib, COOTBETCTBYIOT BaXKHENIIUM
eBpOIeCKUM cTaHAapTaM. ITociie KaXAo1 I1aBbl MBI IPUBOAYM KOHTPOJIbHBIE BOIIPO-
Cbl ¥ CUTyaLlMOHHbIe KJIVHUYeCKUe 3afla4i. AHITIMIACKAsA U JTaTUHCKAsA TePMUHOJIOTHS
[IpUBeZieHa B COOTBETCTBUY C MeXXyHapOAHOM aHATOMUYeCKOM HOMEHKJIATyPOX.

ABTOpBI BBIPAXKAIOT YBEPEHHOCTD, YTO [JaHHOe MOCOOHUe MO3BOIUT OYAYIIMM JOK-
TopaM cpopMUpoBaTh MOPPOIOTHYecKuil GyHAAMEHT JIs TIOC/IEAYIOMEro N3ydeHus
TEOPeTUYeCKUX U KIMHUYECKUX AUCLUIIIMH. MBI TaKXKe HaZieeMCs, 9YTO OHO IIpUHeceT
OIlpeJieJIeHHYIO [10JIb3Y U Npero/iaBaTesAM aHaTOMUU YeJIOBeKa.



1. GENERAL DATA OF PERIPHERAL NERVOUS SYSTEM

The peripheral nervous system, systema nervosum periphericum, is a collection of the
nerve structures situated outside the brain and spinal cord. This concept is based on
anatomical and topographical characteristics of the nervous system which can be divided
into central and peripheral parts.

In turn, the peripheral nervous system can be divided topographically into spinal and
cranial parts; functionally into somatic (innervating the soma) and autonomic (vegeta-
tive) (innervating viscera, glands, vessels and smooth muscles).

The spinal somatic part comprises the anatomical structures associated with the spi-
nal nerves:

— anterior and posterior spinal roots, radix anterior et radix posterior;

— spinal nerve trunk, truncus n. spinalis;

— spinal ganglion, ganglion sensorium nervi spinalis,

— spinal nerve branches (anterior, posterior, communicating, meningeal), ramus an-
terior, ramus posterior, rami communicantes, ramus meningeus,

— mnerve plexuses (cervical, brachial, lumbar, sacral, coccygeal), plexus cervicalis,
brachialis, lumbalis, sacralis, coccygeus;

— regional nerves and their branches;

— nerve endings (receptors and effectors).

The cranial part comprises the cranial nerves, sensory ganglia of the V, VII, VIII, IX
and X cranial nerves, vegetative ganglia of the III, VII, IX and X cranial nerves, regional
nerves and their branches, and nerve endings.

The vegetative part includes the anatomical structures which belong to the sympa-
thetic and parasympathetic nervous system: vegetative ganglia and their branches, pre-
ganglionic and postganglionic fibres, nerve endings of postganglionic fibres. Taking into
consideration the features of the structure and function of the vegetative system, it will
be described in another chapter.

It should be noted that despite significant morphological differences between so-
matic and vegetative parts of the nervous system, they are closely interconnected func-
tionally.

Thus, the peripheral nervous system comprises the spinal and cranial nerves, the
vegetative nerves and also the neurons situated outside the central nervous system and
constituting the sensory or vegetative ganglia.

The nerves are formed by the neuron processes which unite into the nerve fibre bun-
dles. The latter ones are covered by a connective tissue sheath, perineurium, consisting of
collagen and elastic fibres. The perineurium extends between the separate nerve fibres,
forming an internal connective tissue membrane, endoneurium. A nerve consisting of
several bundles is surrounded by connective tissue sheath called epineurium.

The epineurium contains the blood and lymphatic vessels which supply the nerve,
vasa nervorum, and nerves innervating the coats of the nerve, nervi nervorum. Usually, the
nerves receive their blood supply from numerous sources that abundantly anastomose
with each other. Thus, the epineurium includes the arterial network which is formed
from the arteries supplying the neighboring organs; the arterial network is accompanied
by analogous venous network. The perineurium receives only arterioles which also anas-
tomose with each other and concomitant venules. The endoneurim contains only blood
capillaries. The nerve coats are innervated by the branches arising from this nerve.

The nerve significantly differs in structure from each other. Each nerve has a certain
number and diameter of the fibres and bundles, a certain thickness of the coats. The
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structure of the same nerves varies in different people. For example, the number of the
tibres in a median nerve cross-section, taken from different people and made at the same
level, ranges from 19 000 to 32 000. The nerve fibres may pass from one bundle to an-
other therefore, the diameter of the bundles constantly changes.

Based on their composition, the motor, sensory, mixed and vegetative nerves are
distinguished.

The motor nerve, n. motorius, mainly consists of the nerve fibres formed by the axons
from the neurons composing the nuclei proprii of the anterior spinal horns or the cranial
nerve motor nuclei. Besides, it also contains few proprioceptive and sympathetic fibres.

The sensory neuron, 7. sensorius, mainly consists of afferent nerve fibres which rep-
resent the peripheral processes of pseudounipolar or bipolar neurons whose somata are
contained in the sensory spinal ganglia or cranial nerve ganglia. Most nerves are mixed
in structure.

The mixed nerve, n. mixtus, may include the afferent, efferent and sympathetic fibres
in different proportions and combinations; some cranial nerves also contain parasympa-
thetic fibres.

The vegetative nerves, nn. autonomici, are formed by the preganglionic fibres, neu-
rofibrae preganglionicae, or postganglionic fibres, neurofibrae postganglionicae. The pre-
ganglionic fibres originate from the neuronal somata composing the vegetative nuclei
situated in the central nervous system. The postganglionic fibres pass from the neuronal
somata located in the vegetative ganglia to the corresponding organs and tissues.

The motor nerves or motor fibres situated within the mixed nerves innervate the
skeletal muscles, where they end with the motor plates (motor endings).

The sensory nerves or sensory fibres situated within the mixed nerve arise with poly-
morphic receptors in all the organs and end in the sensory ganglia. From here the sen-
sory roots pass to the spinal cord and brain.

The vegetative nerves or vegetative fibres situated within the mixed nerves run to
viscera, vessels, smooth musculature and glands.

The anterior branches of the spinal nerves, the nerves supplying the organs and situ-
ated close to each other may be connected by bridges, loops or arcades. Such connec-
tions are called the nerve plexuses, plexus nervorum. There are the somatic and vegetative
nerve plexuses. The somatic plexuses are: cervical, brachial, lumbar, sacral and coccy-
geal. The vegetative plexuses are: coeliac, aortic, intramural etc.

According to the division of the peripheral nervous system into spinal, cranial and
vegetative parts, it will be described in details in the following three chapters:

— spinal nerves, nn. spinales;

— cranial nerves, nn. craniales;

— vegetative nervous system, systema nervorum autonomicum.



2. SPINAL NERVES

According to the segmental structure
of the spinal cord, humans have 31 pairs
of the spinal nerves, nn. spinales. Like spi-
nal segments, the spinal nerves can be ar-
bitrary divided into 5 groups: 8 cervical,
nn.cervicales; 12 thoracic, nn. thoracici;
5 lumbar, nn. lumbales; 5 sacral, nn. sa-
crales, and 1 coccygeal, n. coccygeus.

Each spinal nerve is associated ana-
tomically and functionally with own spinal
segment by two roots: anterior and poste-
rior (fig. 2.1).

The posterior roots, radices posteriores,
sensory, are represented by the central
processes of the pseudounipolar neurons
whose somata are located in the spinal
ganglion, ganglion sensorium nervi spinalis.

The anterior roots, radices anteriores,
motor, are formed by the axons arising
from the motoneurons situated in the nu-
clei proprii of the anterior spinal horns.
Besides, the anterior roots arising from
C8-L3 contain sympathetic fibres which

Fig. 2.1. The formation of a spinal nerve;

the spinal nerve branches:

1 — anterior root; 2 — posterior root; 3 — spinal gan-
glion; 4 — meningeal branch; 5 — ramus communi-
cans albus; 6 — anterior ramus; 7 — lateral cutane-
ous branch; 8 — nerve ending; 9 — ganglion of the

are formed by the axons arising from the
neurons whose somata compose the inter-
mediomedial nucleus located in the spinal
cord’ s lateral horn.

The anterior and posterior spinal roots
converge to each other at the level of the
spinal ganglion located in the intervertebral foramen. The joining of the anterior root
and peripheral processes of the pseudounipolar neurons located in the spinal ganglion
form the trunk of the spinal nerve, truncus n. spinalis, about 1 cm long. The spinal nerves
are mixed in fibre composition. All contain sensory and motor fibres; the spinal nerves
from C8-L3 also include sympathetic fibres.

Leaving the intervertebral foramen, the spinal nerves divide into 3 or 4 branch-
es. Each spinal nerve arising from C1-C7 and L4-Col gives 3 branches: meninge-
al, r. meningeus; posterior, . posterior; anterior, r. anterior. Each spinal nerve arising
from C8-L3 besides gives a white rami communicantes, r. communicans albus, which is
formed by preganglionic myelinated fibres ending in the sympathetic trunk"s prever-
tebral ganglia. From these ganglia the grey rami communicantes, rami communicantes
grisei, arise; they are formed by postganglionic non-myelinated fibres. Further, these
fibres continue passing through the meningeal, posterior and anterior spinal nerve
branches.

The meningeal branch contains sensory and sympathetic fibres. It innervates the spi-
nal meninges and their vessels. The posterior and anterior branches are mixed; they in-
nervate the skin, muscles and bones in the region of the trunk and limbs. These branches
are composed of sensory, motor and sympathetic fibres. The sensory fibres start from the

sympathetic trunk; 10 — ramus communicans griseus



PERIPHERAL NERVOUS SYSTEM.
AUTONOMIC NERVOUS SYSTEM.
SENSE ORGANS

Ilepudepudeckas HepBHas CMCTeMa.
ABTOHOMHasI HepBHasI CUCTEMa.
OpraHsI 9yBCTB

The manual for medical students
Vzebroe nocobue 05 MeOUUUHCKUX 8)308

KowmmbioTepHas Beperka Tabepean E. C.

IToanucano B nedars 25.01.2021. ®opmar 70x100/, .

ITeu. 1. 7.
Tupax 1500 3x3. 3axa3 Ne¢

000 «M3partensctBo ,Cren/InT“s.
190103, Cankt-Iletepbypr, 10-s1 KpacHoapmeiickas yi., 15—17, nutep B, mom. 231
Ten./dakc: (812) 495-36-12, 495-36-09
http://www.speclit.su

Ornevarano B OO0 «Tumnorpapus TECHVK».
197183, Cankr-Ilerep6ypr, yi1. CabupoBckas, 1. 37





